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INTENDED LEARNING OBJECTIVES (ILO) €» 


By the end of this lecture the student will be able to: 

1. Mention mode of handling of water along nephron. 

2. Discriminate obligatory and facultative water reabsorption. 

3. Define the countercurrent system. 

4. Describe the renal countercurrent system, its components and importance. 

5. Explain the role of loop of Henle of juxta medullary nephrons in creating an 
osmotic gradient in the medullary interstitium (the countercurrent multiplication 
system). 

6. Discuss the role of vasa recta as countercurrent exchanger in maintaining the 
hyperosmolarity of the medullary interstitium. 

7. Explain how urea reabsorption contributes to the hyperosmotic renal medullary 
interstitium. 

8. Describe the role of regional distribution of renal blood flow in creating 
hyperosmolarity of the medullary interstitium. 

9. Explain how the kidneys produce concentrated or diluted urine. 

10.Distinguish water diuresis from osmotic diuresis. 
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Renal handling of 


- All parts of the nephron is permeable to water except 


ascending-imb-oef--H. 
-GFR: 125 absorbed passively by osmosis. 
ml/min Bowman's e anon r m калран Pr 
So, daily capsule -65% HO 
filtered volume 
of water 
125 X 60 X 24 = 
180.000 ml/day 
“lcci ce 3 À 3^ OO. 


-99.2-99.8 96 of 
filtered water 
will be 
reabsorbed — 
178.5-179.5 
L/day. 

-Not secreted. 


2 Loop of Henle Collecting duct 


+ 
(Gİ) 1% remains as urine 


-0.2-0.8% of Daily urine output: 0.5-1.5 L 
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Countercurrent system 


Is a system where there are 2 currents 
flowing opposite, parallel and in 


Skin countercurrent Testicular countercurrent Renal 
(thermoregulation) (37 °C [32-35 C for countercurrent 
hd epi spermâtayertesis) Ex€uziner, 


Renal countercurrent 
Aim: Urine Concentration _ l 


Components: 3 


The three key players and their 
orientation in the osmotic gradient: 


(a) The long nephron of 

juxtamedullary nephrons 

the gradient. They act as 

erei eii ралсонасе The osmolality of the medullary 

900 interstitial fluid progressively 

increases from the 300 mOsm of 
normal body fluid to 1200 mOsm 

1200 at the deepest part of the medulla. 
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1- Countercurrent multiplier system 


(Active System) 


(a) Long nephron loops of juxtamedullary nephrons create the gradient. 


The countercurrent multiplier depends on three properties 
of the nephron loop to establish the osmotic gradient. 


Fluid flows in the 
opposite direction 
(countercurrent) 
through two 
adjacent parallel 
sections of a 
nephron loop. 


itis Loop of Henle 


It is countercurrent: as the flow of 
tubular fluid in the descending limb is 
parallel, opposite, adjacent to its flow 
in ascending limb 


но мас! 


The ascending limb 
is impermeable to 
water, and pumps 
out salt. 


The descending 
limb is permeable 
to water, but not 
to salt. 
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l- Countercurrent multiplier system 


(Active System) 


(a) (continued) As water and solutes are reabsorbed, the loop first concentrates the filtrate, then dilutes it. 


==> Active transport 
w Passive transport 
imas Water impermeable 


: 


Cortex 


(5) Filtrate is at its most dilute 
as it leaves the nephron loop. At 
100 mOsm, it is hypo-osmotic 
to the interstitial fluid. 


(1) Filtrate entering the 

nephron loop is isosmotic to 
both blood plasma and 
cortical interstitial fluid. 


tisLoop of Henle 


8 


It is multiplier: as it causes the 
medullary interstitial osmolarity 
to be multiplied from cortex 


(4) Na* and СГ are pumped out 
of the filtrate. This increases the 
interstitial fluid osmolality. 


600 


(300mOsm/L) to renal papillae 
(1200-1400 mOsm/L) by 
throwing NaCl out in the 


(2) Water moves out of the 
filtrate in the descending limb 
down its osmotic gradient. 

This concentrates the filtrate. 


Osmolality of interstitial fluid (mOsm) 


medullary interstitium. 


(3) Filtrate reaches its highest 
concentration at the bend of the 
loop. 


1- Countercurrent multiplier system 


(Active System) 


(a) (continued) As water and solutes are reabsorbed, the loop first concentrates the filtrate, then dilutes it. 


е « Active transport Lb) 

Passive transport "m | 

Е Water impermeable 300 (^ j^ М It is Loop of Henle 
а Cortex | N A. 100 


(1) Filtrate entering the 
nephron loop is isosmotic to 
both blood plasma and 
cortical interstitial fluid. 


(5) Filtrate is at its most dilute 

as it leaves the nephron loop. At 
100 mOsm, it is hypo-osmotic 
to the interstitial fluid. 


(4) Na* and CI are pumped out 
of the filtrate. This increases the 
interstitial fluid osmolality. 


© Water moves out of the 
filtrate in the descending limb 
down its osmotic gradient. 

This concentrates the filtrate. 


Osmolality of interstitial fluid (mOsm) 


(3) Filtrate reaches its highest 
concentration at the bend of the n z : d 
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1- Countercurrent multiplier 
iste 


© Brooks/Cole - Thomson Learning 


https://quizlet.com/181623713/118 countercurrent-exchange-function-of-the-vasa-recta-micturition-flash-cards/ 
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1- Countercurrent multiplier 


— — ——» = Passive diffusion of Н.О (osmosis) 
-——.$ = Active tansport ci NaCl 


| Е Ф © 


300 400 

300 400 

300 400 

300 400 

300 400 

300 400 > 

300 400 

300 

400 

п тиз ксы кый Se Б бы эин EJ As the fluid flows forward several "trames" 
limb establishes a 200 mOsm/L gradient at a mass of 200 mOsm/L fluid exits into the distal 
each horizontal level. tubule and a new mass of ЗОО mOsm/L fluid 


enters from the proximal tubule. 


П Once again, the fluid flows 
forward several “frames! O The final vertical osmotic gradient is 
at each horizontal level. mr maenas sanalika of Pus long 


1Figure 14-25 Countercurrent multiplication in the renal medulla. All values are in MOST. loops of Henle. 


2- Countercurrent exchanger 
system 


(Passive system) 


(b) Vasa recta preserve the gradient. 


The entire length of the vasa recta is highly permeable to water It IS Va Sa recta (VR) 


and solutes. Due to countercurrent exchanges between cach 


aral WHE IE жашка Tacks кийе Henri lamina tci n It is countercurrent: as the flow of blood in its descending 
urrrouncdi fluid. Az m ult, the vasa recta do not undo the т Н Н х J a я 
нараа mcm didi as Ümit less mzik ameli önal limb IS parallel, opposite, adjacent to Its flow In ascending 
Blood from limb : 5 
efferent ~, To vein It is exchanger: as it exchanges water and salts along its 


arteriole 


ascending and descending limbs: 
Descending limb: water passes from VR to interstitium , 
while salts passes from interstitium to VR blood gradullaly 


Hos \ alts | nterstit 
increasing its concentration inside. 
The countercurrent Ascending limb: water passes from interstitium to VR , while 
flow of fluid moves = n 
мас! through two adjacent salts passes from VR blood to interstitium gradullaly 
Ба ганна" decreasing its concentration inside. 


uS aro I» a Function: Maintain medullary interstitium graded 
ОО hyperosmolarity 


Vasa recta 
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2- Countercurrent exchanger 
system 


(Passive system) 


(b) Vasa recta preserve the gradient. 

The entire length of the vasa recta is highly permeable to water | V t 
and solutes. Due to countercurrent exchanges between each It IS a Sa rec a 
section of the vasa recta and its surrounding interstitial fluid, the 
blood within the vasa recta remains nearly isosmeotic to the 


surrounding fluid. As a result, the vasan recta do not undo the 
osmotic gradient as they remove reabsorbed water and solutes. 


Blood from 
efferent 
arteriole 


To wein 


Мас! 
н.о 


The countercurrent 
flow of fluid moves 
through two adjacent 
parallel sections of 
the vasa recta. 


Мас! 
н.о 


Maci 
н.о 


His! јәс E 


h CX — 
Vasa recta " 
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3- Medullary collecting duct 


(c) Collecting ducts use the gradient. 
Under the control of antidiuretic hormone, the collecting 
ducts determine the final concentration and volume of 
urine. This process is fully described in Figure 25.17- 


=e * Role of ADH in urine concentration: 
1- Increases the permeability of late DCT, CD (cortical, 


Collecting duct 


E 
sö —: medullary portions) to Water. 
= 2- Increases the permeability of the inner medullary CD to 
2 urea 
soo = 3- Vasoconstriction of efferent arteriole of juxtamedullary 
= nephrone, decreases the blood flow in vasa recta (sluggish flow 
E is important for urine concentration) 
Soo o 
1200 


Urine 


Function: Establishment of osmotic equilibrium between tubular fluid and medullary interstitium 


14 


Urine dilution and concentration 


| Osmolality of extracellular fluids f Osmolality of extracellular fluids 
4 + 
| ADH release from posterior pituitary t ADH release from posterior pituitary 
| Number of aquaporins сто слышал} im collecting duct 1 Number of aquaporins {Hao emini) im collecting duct 
| H2O reabsorption from collecting duct t H20 reabsorption from collecting duct 
Large volume of dilute urine Small volume of concentrated urine 
— lecting Collecting duct 
| duct — H20 
Descending limb 300 Descending limb 300 


of nephron loop of nephron loop 


(2 лоо 150 
I — н.о 
DCT = 
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In absence of ADH In presence of ADH 
— urine dilution — urine concentration 


Osmotic Diuresis 


Tglucose filtration : | : 
Osmotic diuresis 


Increased blood glucose 


| 


H-O reabsorption T Glomerular filtration of glucose 


— | 


TOsmotic pressure of renal tubular fluid 


| 


|VVater reabsorption 


> 


Osmotic diuresis Osmotic diuresis 


‹ 


Кершѕо; 


https://www.stepwards.com/wp-content/uploads/2016/02/body-fluid-and-electrolyte-balance-59-728.jpg 


New Five Year Program Endocrine & Genitourinary Module 


Water and Osmotic 


Water Diuresis 


Osmotic Diuresis 


Increased urine flow rate (no change in solute 
excretion) — increased pure water excretion 


* Causes: 

- Excess ingestion of water 

- Lack of ADH (neurogenic Diabetes Insipidus) 

- Defect in ADH receptors in Distal segment of nephron 
(nephrogenic Diabetes Insipidus) 


* Diuresis is mainly due to decrease in water 
reabsorption in distal segment of nephron (affect 
facultative water reabsorption). 

* Nochange to the water reabsorbed proximally 


* Urine osmolality falls far below plasma osmolality. 


e Only about 20% filtered load of water reaching distal 
segments may remain unabsorbed and excreted in 
urine 


* ADH administration will stop diuresis if it is due to 
lack of ADH or excess ingestion of water. ADH 
administration will not be effective in Nephrogenic 
Diabetes Insipidus. 


Increase in urine flow rate as well as increased solute 
excretion. 


* Causes: 
- Increase plasma glucose level (Diabetes Mellitus) 
- Diuretic drugs (e.g. Lasix) 


* Decrease solute reabsorption results in decrease in 
water reabsorption proximally as well as distally 
(affect both obligatory and facultative water 
reabsorption) 


* Urine osmolality falls but remains above plasma 
osmolality. 


e Due to decreased water reabsorption in all segments 
of nephron, a much greater fraction of filtered water 
may be excreted 


• ADH administration will NOT stop diuresis. 
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Lecture Ouiz €» 


Q: Complete: 
-The daily obligatory H,O reabsorption is about......... 


-The daily minimum volume of obligatory H,O loss that must 
accompany excretion of wastes Is 


Q:Discuss role of ADH in concentrating urine 
Q:Mention the requirements for urine concentration 
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SUGGESTED TEXTBOOKS © 


1. Sherwood Textbook of Medical Physiology 
2. Linda Costanzo Textbook of Medical Physiology 
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